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hem. Soc, 221 — 2 2 61 (1 9 5 9 ^) ) 1 0 g (0. 0653m 
o 1) , N, N-i;^f^r-'J>9. 49g, 7x;f7i?>2 Omg^l 
THF6 0ml(C^lMtS. ^ riCi&ft T ? y o -f ;b 6 . 5g&«j|TH 
F10mllC»»Lfet)(JDS:»Tt*. W2tn, SfiT 3 B£ISJ«# b fc« 
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tCffi#-T£ 0 i-fM^MgS04T«, x—r^&aSJEETe^U tfffi 
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) , 4.64 (1H, s) ,'5.89 ( 1 H, dd) , 6.11 (1H, dd) , 
6.43 ( 1 H, dd) ; I R (KB r ) 2880, 2980 (vC-H), 1 
712, 1773 (vC = 0), 1618, 1630 (vC = C), 1186, 
1205 (vC-O) c m" 1 
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1 jtM^l/S, R 2 (D&fto 
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H, d), 1.75 ( 1 H, d) , 1 . 92 (3H, s ) , 1.95-2.16 ( 
2H, m) , 2.53-2.66 (2H, m) , 3.2 0 - 3.2 8 ( 1 H, m), 
4.59 (1H, d), 4.65 (1H, s), 5.62 (1H, dd), 6.10 
(1H, dd) ; I R (KB r) 2880, 2982 (vC-H), 1715, 
1780 (vC = 0), 1630 (vC = C), 1156, 1 178 ( v C-O 
) cm -1 

mmm 3 

2-Methyl-6-acryloyloxy-2,6-norbornanecarbolactone (— $$^; (1) {Cfc^T 
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arbolactone (S. Beckmann£>, Chem. Ber. 9 4i, 48 — 5 

si (i9 6i^) ) zm^tcMftiz mmmi t.mm^Lx^mi,t=. ok* 3 

0%) . .1 R (KB r ) 2880, 2982 ( v C-H) , 1716, 1774 
(vC = 0), 1619, 1629 (vC = C), 1188, 1208 (v C- 
O) c m" 1 „ 
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Ttmrnom-sfo c-jRaS (2) cjs^t, r 1 , r 2 , r 3 tfTkmrn*. r 

4 ifit -ZfbZ-i/lUltf-JlT Y^VVU [4.4.0. 1 2 ' 5 .1 7 ' 10 ] Kri/M, x 
= 0. 7, y = 0 . 3, z = 0) (D^m.o 
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5gtt -^hdpS/*;!/^— ^/-r-h^S/^n K-rS/;i/7^ U h 1. 7 1 g & 
tt^-r- h9t KD7'^>2 3 ml JCSSjjf 0, f riCA I BN 1 1 3 mg (30m 
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mol • l'hZMZ.. T)l3>mm$LT 6 0~6 5°CT'^f#1--5o 2 BJiaffrfifc 
#U # y -;i/4 0 0 m 1 &C&g\ *rffiLfeifclR£:»S!|-*-S. $ 

. ^(DmcD^m^itlt 1 H-NMR©i»?) 7 0 : 3 0T'feofe (x = 0. 
7, y = 0. 3). GPC^fCjcSMMW^* (Mw) Iil 0 8 0 0 (# 
UXfl/>HI) , #ffcS (Mw/Mn) tel. 8 8T*&o£„ 
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5mm o 1 • l~i 


0. 7/0. 3 


154000 




70mm o 1 • 1 _1 


0. 69/0. 31 


3200 



Tmwm&m&fa (-^ (2) k^t, r 1 , r 2 ^mm^. r 3 

R 4 ^fh7kKntf7-;i/t^ri/*ji/^-;bfh7i/^n [4.4.0.1 2 ' 

5 .1 7 ' 10 ] K-^S/^S, x = 0. 7, y = 0. 3, z = 0) 0Dl^ o 
[0 0 3 4] 

[ft 9 J 

h ch 3 
c=o c=o 
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^&HSSM4 h^tCLT^Ufe. JR^5 5 2%, Mw= 1 2 0 0 0, Mw/ 
Mn = 1 . 7 5 0 

[0 0 3 5] 
Hlffl 1 0 
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= 0) <Di$J& 0 
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H C«3 



F&l^fco JR^4 2 %, Mw=9 5 0 0, Mw/Mn = 1 . 9 6 
HIMi l 

T3B#iit©m^ (-«5£ (2) {Cfcv^T, R 1 , R 2 tfiiUmm^ R 2 

^;i/£, R 4 ^t-^f;M^^'JI/-h, x = 0. 7, y = 0. 3, z = 0) 

[0 0 3 7] 

Ut l l ] 



, Mw= 84 0 0, Mw/M n = 1 . 74 
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T3B#3§®m-&# (-jKS; (2) (c^VNT, R 1 , R 2 , R 3 R 4 
^ t -^h^S/^j;i/^-;i/y x = 0. 7, y = 0. 3, z = 0) 

[0 0 3 8] 
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OOC(CH3) 3 



-£j&L7c 0 1K^4 4 %, Mw = 9 10 0, Mw/M n = 1 . 72 
1 3 

TfB«5tcoM^ (2) icfcv^T, R 1 , R 3 tfyfrmm^ R 2 ifi* 

^/l/g, R 4 #t -^hdpS/^^sif-^/^h^S/^n [4.4.0.1 2,5 .1 7 ' 10 ] Ft 1 
x = 0. 7, y = 0 . 3, z = 0) ©^J*. 
[0 0 3 9] 
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M n = 1 . 8 8 0 
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Tffi«e©m£# c-jtta; (2) {c^vnt, r 1 , r 2 , r 3 &*mm*. r 

4 #t -^hdfS/rt^jK-^-r [4.4.0. 1 2 ' 5 .1 7 ' 10 ] K-rS/^H, R5 

R6 tf^KaSJiC^, x = 0. 6, y = 0. 3, z = 0. 1 ) <&-£j£. 
[0 0 4 1 ] 
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H H CH3 

In f 1 



-(CH2-C^ (CH2-C^ fcHz-C-)^ 

c=o - ~ 




c=o c=o 
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OH 
OOC(CHa)3 



t-^h^^^;b^n;i/fh7^^a Kf^;i/7^'J U-h2. 3 9g, ;* # ^ 

U/bgfcO. 2 0 7 gS«fi|fl*7l:Kn77>30mllCiffU ^ZllCAIB 
N 1 4 7 m g (3 Ommo 1 • 1 _1 in A, 7;i/if >#B^CT 6 0—6 5°CT*^ 

(JR3*4 2%) „ £©l$©#M'£Jfctt 1 H-NMR©5fR#Jfc#*e> 6 0 : 3 0 
: 10T ? feofc (x = 0 . 6, y=0. 3, z = 0. 1) „ Mw= 9 7 0 0, M~ 
w/Mn = 1 . 7 4 0 
[0 0 4 2] 

mmm 1 5 

TfH#jg©«^#: (2) fc£^T, R 1 , R 2 , R 3 , R 5 ##iRIgt 

-3\ R 4 #t -^■h^r2/*^d?n;i/-5 i N92/*n [4.4.0.1 2 ' 5 .1 7 ' 10 ] Kr'>;i/ 
& R 6 A^Ui/^Dfi/;H, x = 0 . 6, y = 0. 3, z = 0. 1 ) 
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[0 0 4 3] 
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\^Q)-COOC(CH3)3XllO 
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fSffei&F A- 5 1 3 A) -feffi^feJ^tt^Jfeflfl 4 ilRI«lCU-r^Lfc. JRJ* 
5 7%, Mw= 1 3 7 0 0. Mw/M n = 2 . 13 
H«J 1 6 

TIB«3t<OS^ (2) Jcfc^T, R 1 , R 2 tftfcSSJSC^S,' x"= 1 , 

y = z = 0 ) <D&}& 0 

[0 0 4 4] 
[ft 1 6 ] ' 



H 




3S«Mf &tfttfc5 0 m 1 tX77^3ifi, Ilil 1?fffc7j"J U— h 3 g §: 
ISS-r- h^t: KD7^> 1 6 m 1 tClgjSIL, f ^{CA I BN 7 9mg (30mm 

oi ■ r;i/i>#i^T6 o~6 51c -eats***- a. lftmynk 

#U # y -;i/2 0 0 m 1 fC&£\ Wffibfc-tfcj8%atSU"f*. £ 

Mw=710'0, Mw/M n = 2 . 05 o 
[0 0 4 5] 
HJfcM 1 7 
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TSB«t3S©M^ (2) tcfc^T, R 1 , R 2 tfzKaSHC^ R 3 
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[Name of document] Specification 

[Title of the Invention] ( METH ) ACRYLATE DERIVATIVE , 
POLYMER AND PHOTORESIST COMPOSITION HAVING LACTONE 
STRUCTURE, AND METHOD FOR FORMING PATTERN BY USING IT 
[Claims ] 

[Claim 1] A (meth ) aery late derivative represented 
by the formula (1):' 



wherein R 1 and R 2 are each a hydrogen atom or a methyl 
group . 

[Claim 2] A polymer which is obtained by 
polymerizing the (meth ) aery late derivative described in 
Claim 1, or copolymerizing the (meth) aery late derivative 
described in Claim 1 with another polymerizable compound. 

[Claim 3] The polymer according to Claim 2 which is 
represented by the formula (2) and has a weight-average 
molecular weight of 2000 to 200000: 




(1) 



C=Q 





(2) 




wherein R 1 , R 2 , R 3 and R 5 are each a hydrogen atom or a 
methyl group; R 4 is an acid-labile group, an alicyclic 
hydrocarbon roup having 7 to 13 carbon atoms, which as an 
acid-labile group or an alicyclic hydrocarbon group 
having 7 to 13 carbon atoms, which as a carboxyl group, 
R 6 is a hydrogen atom or a hydrocarbon group having 1 to 
12 carbon atoms; and x, y and z are optional values which 
meet x + y + z = 1 , 0 < x <; 1 , 0 <; y < 1 and 0 ^ z < 1 . 

[Claim 4] A photoresist composition which comprises 
70 to 99.8% by weight of the polymer described in Claim 2 
or 3 and 0.2 to 30% by weight of a light acid generator 
for generating an acid by exposure. 

[Claim 5] A method for forming a pattern which 
comprises a step of applying the photoresist material 
described in Claim 4 onto a substrate to be worked, a 
step of exposing the material to a light having a 
wavelength of 180 to 220 nm, a step of carrying out 
baking, and a step of performing development. 

[Claim 6] The method for forming the pattern 
according to Claim 5 wherein the exposure light is an ArF 
excimer laser light . 

[Detailed Explanation of the Invention] 
[0001] 

[Technical Field to which the present Invention belongs] 

The present invention relates to a novel 
(meth) aery late derivative, its polymer, particularly a 
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compound useful to manufacture a resin for use in a 
photoresist material in which a far ultraviolet light 
having a wavelength of 220 nm or less is used as an 
exposure light. 

[0002] 

[Prior Art] 

In the field of the manufacture of various electron 
devices typified by semiconductor devices in which fine 
working of half-micron order is required, the further 
increase of density and integration of these devices has 
been demanded. Therefore, a photolithography technique 
required for the formation of fine patterns has been more 
and more strict. 

[0003] 

In particular, in the manufacture of DRAMs having 
an integration degree of 1 gigabit or more in which a 
working technique of 0.18 ^im or less is required, the 
utilization of photolithography in which an ArF excimer 
laser (193 nm) is used has been investigated in recent 
years [Donald C. Hoffa et al. r "Journal of Photopolymer 
Science and Technology", Vol. 9, No. 3, p. 387-397 
(1996)]. Accordingly, it has been desired to develop a 
resist material suitable for the photolithography in 
which the ArF light is used. 

[0004] 

In developing this resist for ArF exposure, it is 
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necessary to improve a cost performance of the laser, 
because a life span of a gas which is a raw material of 
the laser is short and a laser apparatus itself is 
expensive. Therefore, high resolution properties 
suitable for the fine working and the enhancement of 
sensitivity are strongly desired. 
[0005] 

As the resists having a heightened sensitivity, 
there are well known chemical amplification type resists 
in which a light acid generator as a photosensitive 
material is utilized. For example, as typical examples, 
resists comprising combinations of triphenylsulf onium 
hexaf luoroacetonate and poly (p-tert-butoxycarbonyloxy-ct- 
methylstyrene) are mentioned in Japanese Patent 
Application Laid-Open No. 27660/1990. Such chemical 
amplification type resists are now widely used as resists 
for a KrF excimer laser [e.g., Hiroshi Ito, C. Grant 
Wilson, "American Chemical Society Symposium Series", Vol. 
242, p. 11-23 (1984)]. The chemical amplification type 
resists are characterized in that a proton acid generated 
from the light acid generator as a contained component by 
light irradiation gives rise to an acid catalytic 
reaction with a resist resin or the like by a heat 
treatment after exposure. As understood from the above, 
in the chemical amplification type resist, there can be 
achieved a much higher sensitivity as compared with a 
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conventional resist having a photoreactive efficiency (a 
reaction per photon) of less than 1. Nowadays, most of 
the developed resists are of the chemical amplification 
type . 

[0006] 

[Problems to be solved in the Invention] 
However, in the case of the lithography in which a 
short wavelength light of 220 nm or less typified by an 
ArF excimer laser is used, the resists for forming fine 
patterns are required to possess novel characteristics 
which the conventional material cannot satisfy, i.e., a 
high transparency and a dry etching resistance to an 
exposure light of 220 nm or less. 
[0007] 

A conventional photoresist material for g-line (438 
nm), i-line (365 nm) or the KrF excimer laser (248 nm) 
utilizes a resin such as a novolak resin or a poly(p- 
vinylphenol) in which an aromatic ring is present in a 
structural unit. The dry etching resistance of this 
aromatic ring enables the etching resistance of the resin 
to be maintained. However, the resin having the aromatic 
ring extremely strongly absorbs a light having a 
wavelength of 220 nm or less. Therefore, most of the 
exposure light is absorbed on the surface of the resist, 
and so the exposure light cannot reach a substrate, with 
the. result that the fine resist pattern cannot be formed. 
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For this reason, the conventional resin cannot be 
directly applied to the photolithography in which a short 
wavelength light of 220 nm or less is used. Accordingly, 
a negative photoresist material is now desired which 
contains no aromatic ring, has the etching resistance, 
and is transparent to the wavelength light of 220 nm or 
less. 

[0008] 

As polymeric compounds having the transparency to 
the ArF excimer laser (193 nm) and the dry etching 
resistance, there have been suggested copolymers each 
having an adamantyl methacrylate unit which are alicyclic 
polymers [Takechi et al., "Journal of Photopolymer 
Science and Technology", Vol. 5, No. 3, p. 439-446 
(1992)] and copolymers each having an isobornyl 
methacrylate unit [R. D. Allen et al., "Journal of 
Photopolymer Science and Technology", Vol. 8, No. 4, p. 
623-636 (1995) and Vol . 9, No. 3, p. 465-474 (1996)]. 

[0009] 

However, the (meth) aery late derivative having an 
alicyclic group which is used in the former resin does 
not have any polar group having adhesive properties to a 
substrate (e.g., a carboxyl group or a hydroxyl group). 
Therefore, a homopolymer of a monomer having the 
alicyclic group is strongly hydrophobic and poor in the 
adhesive properties to the substrate to be worked (e.g., 
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a silicon substrate), and so it is difficult to form a 
homogeneous coating film with a high reproducibility. 
Furthermore, the former resin does not have a residue 
capable of expressing a solubility difference before and 
after exposure in an adamantane-including residue, an 
isobornyl-including residue or a menthyl-including 
residue unit having the dry etching resistance, and 
therefore, any pattern cannot be formed by the exposure. 
Thus, the former resin can be utilized as the resin 
component of the positive resist only by forming a 
copolymer of the former resin itself with a comonomer 
such as t-butyl methacrylate or a tetrahydropyranyl- 
methacrylate capable of exerting the solubility 
difference, or a comonomer such as methacrylic acid 
having the adhesive properties to the substrate. However, 
a content of the comonomer is required to be about 5 0 
mol%, and the dry etching resistance per comonomer is 
noticeably low, so that a dry etching resistance effect 
by the aliphatic group noticeably deteriorates. 
Accordingly, the former resin is less practical as the 
resin having the dry etching resistance. 
[0010] 

Thus, a novel resin material for resist which has 
excellent transparency to an exposure light having a 
wavelength of 220 nm or less, has excellent etching 
resistance and as improved adhesive properties to a 
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substrate is strongly desired. 
[0011] 

[Means for solving the Problems] 

The inventors have strongly carried out experiments 
in order to achieve the above object, and thus completed 
the present invention. The present invention is as 
follows: 

1. A (meth) aery late derivative represented by the 
formula ( 1 ) : 
[0012] 




wherein R 1 and R 2 are each a hydrogen atom or a methyl 
group . 

2. A polymer which is obtained by polymerizing the 
(meth)acrylate derivative described in Claim 1, or 
copolymerizing the (meth)acrylate derivative described in 
Claim 1 with another polymerizable compound. 

3. The polymer according to Claim 2 which is 
represented by the formula (2) and has a weight-average 
molecular weight of 2000 to 200000: 

[0013] 
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wherein R 1 , R 2 , R 3 and R 5 are each a hydrogen atom or a 
methyl group; R 4 is an acid-labile group, an alicyclic 
hydrocarbon group having 7 to 13 carbon atoms, which as 
an acid-labile group or an alicyclic hydrocarbon group 
having 7 to 13 carbon atoms, which as a carboxyl group, 
R 6 is a hydrogen atom or a hydrocarbon group having 1 to 
12 carbon atoms; and x, y and z are optional values which 
meet x + y + z = 1, 0 < x * 1, 0 =s y < 1 and 0 <; z < 1. 

4. A photoresist composition which comprises 70 to 
99.8% by weight of the polymer described in Claim 2 or 3 
and 0.2 to 30% by weight of a light acid generator for 
generating an acid by exposure. 

5. A method for forming a pattern which comprises a 
step of applying the photoresist material described in 
Claim 4 onto a substrate to be worked, a step of exposing 
the material to a light having a wavelength of 180 to 220 
nm, a step of carrying out baking, and a step of 
performing development. 

6 . The method for forming the pattern according to 
Claim 5 wherein the exposure light is an ArF excimer 
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laser light. 
[0014] 

[Embodiments for carrying out the Invention] 
In the above-mentioned formula (1), R 1 and R 2 are 
each a hydrogen atom or a methyl group. 
[0015] 

In the above-mentioned formula (2), R 1 , R 2 , R 3 and R s 
are each a hydrogen atom or a methyl group; R 4 is an 
acid-labile group, an alicyclic hydrocarbon group having 
7 to 13 carbon atoms, which has an acid-labile group, an 
alicyclic hydrocarbon group having 7 to 13 carbon atoms, 
which has a carboxyl group. 

[0016] 

Typical examples of the acid-labile group include, 
but are not limited to, a t-butyl group, a 
tetrahydropyran-2-yl group, a tetrahydrof uran-2-yl group, 
a 4-methoxytetrahydropyran-4-yl group, a 1-ethoxyethyl 
group, a 1-butoxyethyl group, a 1-propoxyethyl group, a 
3-oxocyclohexyl group, a 2-methyl-2-adamantyl group, a 8- 
methyl-8-tricyclo[5.2. 1.0 2 ' 6 ]decyl group, a 1,2,7,7- 
tetramethyl-2-norbornyl group, a 2-acetoxymenthyl group, 
a 2-hydroxymethyl group and a 1-methyl-l-cyclohexylethyl 
group. 

Typical examples of the alicyclic hydrocarbon group 
having 7 to 13 carbon atoms which has an acid-labile 
group alicyclic hydrocarbon group having 7 to 13 carbon 
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atoms which has the carboxyl group include, but are not 
limited to, a tricyclo[ 5 . 2 • 1 . 0 2 ' 6 ]decylmethyl group, a 
tricyclof 5 . 2 . 1 . 0 2 ' 6 ]decyl group, an adamantyl group, a 
norbornyl group, a methylnorbornyl group, an isobornyl 
group, a tetracyclo [4.4.0. 1 2 ' 5 . l 7 ' 10 ] dodecyl group and a 
methyltetracyclo[4.4.0.1 2 ' 5 .l 7 ' 10 ]dodecyl group having the 
carboxyl group or an ester group as shown in Table 1 . 
[0017] 
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Table 1 





Chemical Structure of Group 


Tr icyc lo [5.2.1.0 2 ' 6 ] decy Ime 
thyl group having the 
carboxyl group or the ester 
group 
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Adamantyl group having the 
carboxyl group or the ester 
group 
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Norbornyl group having the 
carboxyl group or the ester 
group 
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Methylnorbornyl group 
having the carboxyl group 
or the ester group 




Isobornyl group having the 
carboxyl group or the ester 
group 
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Tetracyclo[4 .4 • 0 . 1 2/5 . 1 7 ' 10 ] 
dodecyl group having the 
carboxyl group or the ester 
group 




Methyltetracyclo [ 4 . 4 . 0 . 1 2 ' 5 
• l 7 ' 10 ] dodecyl group having 
the carboxyl group or the 
ester group . 
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R 7 in Table 1 is a hydrogen atom or an acid-labile 
group, and typical examples of the latter group include , 
but are not limited to, a t-butyl group, a 
tetrahydropyran-2-yl group, a tetrahydrof uran-2-yl group, 
a 4-methoxytetrahydropyran-4-yl group, a 1-ethoxyethyl 
group, a 1-butoxyethyl group, a 1-propoxyethyl group, a 
3-oxocyclohexyl group, a 2-methyl-2-adamantyl group, a 8- 
methyl-8-tricyclo[5.2.1.0 2 ' 6 ]decyl group, a 1,2,7,7- 
tetramethyl-2-norbornyl group, a 2-acetoxymenthyl group, 
a 2-hydroxymenthyl group and a 1-methyl-l-cyclohexylethyl 
group. 

[0018] 

R 6 is a hydrogen atom or a hydrocarbon group having 
1 to 12 carbon atoms, and typical examples include, but 
are not limited to, a methyl group, an ethyl group, a n- 
propyl group, an isopropyl group, a n-butyl group, an 
isobutyl group, a t-butyl group, a cyclohexyl group, a 
tricyclo[ 5 . 2 . 1 . 0 2 ' 6 ] decyl group, an adamantly group, a 
norbornyl group, an isobornyl group, and a 
tetracyclo[4.4.0.1 2 ' 5 .l 7,10 ]dodecyl group. 

[0019] 

As described above, one of the present invention is 
a photoresist composition which comprises the above 
described polymer and a photo-acid generator. 

A photo-acid generator which can be used in the 
present invention is suitably a photo-acid generator 
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which can generate an acid by the irradiation of a light 
of 400 nm or less, preferably in the range of 180 nm to 
220 nm, and any photo-acid generator is acceptable, so 
long as a mixture of the photo-acid generator, the 
polymer of the present invention and the like can be 
sufficiently dissolved in an organic solvent and this 
solution is capable of forming a homogeneous coating film 
by a film formation method such as spin coat. The photo- 
acid generators may be used singly or in the form of a 
mixture of two or more thereof . 
[0020] 

Examples of the usable photo-acid generator include 
derivatives of triphenylsulf onium salts, other onium 
salts thereof (e.g., compounds such as sulf onium salts, 
iodonium salts, phosphonium salts, diazonium salts and 
ammonium salts), 2 , 6-dinitrobenzyl esters [O. Nalamasu et 
al., "SPIE Proceeding", Vol. 1262, p. 32 (1990)], 1,2,3- 
tri (methanesulf onyloxy ) benzene [Takumi Ueno et al., 
"Proceeding of PME'89" , Kodansha, p. 413-424 ( 1990)], and 
sulf osuccinimide disclosed in Japanese Patent Application 
Laid-Open No. 5-134416. 

[0021] 

A content of the photo-acid generator is usually in 
the range of 0.2 to 30 parts by weight, preferably 1 to 
15 parts by weight with respect to 100 parts by weight of 
the total constitutional components including the light 
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acid generator itself. 

If this content of the photo-acid generator is less 
than 0.2 part by weight , the sensitivity of the present 
invention noticeably deteriorates, and the formation of a 
pattern is difficult. Conversely, if it is more than 30 
parts by weight, some problems occur. For example, it is 
difficult to form a homogeneous coating film, and after 
development, a scum is easily generated. 

[0022] 

The above photoresist composition of the present 
invention is applied as a form of solution. As the 
preferable solvent to be used, any solvent is acceptable, 
so long as it can sufficiently dissolve the components of 
the resin, the photo-acid generator and the polyhydric 
alcohol, and from the resultant solution, the homogeneous 
coating film can be formed in a manner such as spin coat. 
Furthermore, the solvents may be used singly or in the 
form of a mixture of two or more thereof. 

Typical examples of the solvent include, but are 
not limited to, n-propyl alcohol , isopropyl alcohol, n- 
butyl alcohol, tert-butyl alcohol, methyl cellosolve 
acetate, ethyl cellosolve acetate, propylene glycol 
monoethyl ether acetate, methyl lactate, ethyl lactate, 
2-methoxybutyl acetate, 2-ethoxyethyl acetate, methyl 
pyruvate, ethyl pyruvate, methyl 3-methoxypropionate, 
ethyl 3-methoxypropionate, N-methyl-2-pyrrolidinone , 
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cyclohexanone, cyclopentanone, cyclohexanol , methyl ethyl 
ketone, 1,4-dioxane, ethylene glycol monomethyl ether , 
ethylene glycol monomethyl ether acetate, ethylene glycol 
monoethyl ether, ethylene glycol monoisopropyl ether, 
diethylene glycol monomethyl ether and diethylene glycol 
dimethyl ether. 
[0023] 

The fundamental constituents of the photoresist 
composition of the present invention are the above 
polymer and the photo-acid generator, and are used by 
dissolving the composisiton in the above solvent, if 
necessary, other additives such as a surface active agent, 
a dyestuff, a stabilizer an applicable improver and a dye 
may be added thereto. 

[0024] 

[Examples ] 

Next, the present invention will be described in 
more detail in accordance with examples, but the scope of 
the present invention should not be limited at all by 
these examples. 

[0025] 

Example 1 

Synthesis of 5-acryloyloxy-2 , 6- 
norbornanecarbolactone [an acrylate having the formula 
(1) in which R 1 and R 2 are hydrogen atoms: 

[0026] 
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H 



CH 2 =C 



HO 




■> 




c=o 



10 g (0.0653 mol) of 5-hydroxy-2 , 6- 
norbornanecarbolactone [H. B. Henbest et al., J. Chem. 
Soc, p. 221-226 ( 1959)], 9.49 g of N, N-dime thy lani line 
and 20 mg of phenothiazine were dissolved in 60 ml of dry 
THF, followed by ice-^cooling. To the mixture, a solution 
obtained by dissolving 6 . 5 g of acryloyl chloride in 10 
ml of dry THF was added dropwise. After stirring for 2 
hours under ice-cooling and for 3 hours at room 
temperature, a filtrate was concentrated under reduced 
pressure. Afterward, 250 ml of ether were added to the 
resultant residue, and the solution was then washed with 
200 ml of 0.5 N hydrochloric acid, saturated saline, 200 
ml of an aqueous 3% NaHC0 3 solution, saturated saline and 
water in this order. The ether layer was dried over 
MgS0 4 , and ether was then distilled off under reduced 
pressure. The precipitated white crystals were washed 
twice with 80 ml of hexane, thereby obtaining 5.3 8 g of 
the desired product (white solid, yield = 40% and melting 
point = 96°C) . 

'H-NMR (CDC1 3 ) 5 1.66 (1H, d), 1.78 (1H, d), 1.99- 
2.11 (2H, m), 2.53-2.62 (2H, m) , 3.18-3.25 (1H, m) , 4.59 



(1H, d), 4.64 (1H, s), 5.89 (1H, dd), 6.11 (1H, dd), 6.43 
(1H, dd); IR (KBr ) 2880, 2980 (vC-H), 1712, 1773 (vC=0), 
1618, 1630 (vC=C), 1186 f 1205 (vC-O) cm -1 
Example 2 

Synthesis of 5-methacryloyloxy-2 f 6- 
norbornanecarbolactone [a methacrylate represented by the 
formula (1) wherein R 1 is a methyl group and R 2 is a 
hydrogen atom] : 




The desired product was synthesized by the same 
procedure as in Example 1 except that acryloyl chloride 
was replaced with methacryloyl chloride (yield = 20%). 

'H-NMR (CDC1 3 ) 5 1.62 (1H, d), 1.75 (1H, d), 1,92 (3H, 
s), 1.95-2.16 (2H, m), 2.53-2.66 (2H f m) , 3.20-3.28 (1H, 
m), 4.59 (1H, d), 4.65 (1H, s), 5.62 (1H, dd) , 6.10 (1H, 
dd); IR (KBr) 2880, 2982 (vC-H), 1715, 1780 (vC=0) , 1630 
(vC=C), 1156, 1178 (vC-O) cm" 1 

Example 3 

Synthesis of 2-methyl-6-acryloyloxy-2 , 6- 
norbornanecarbolactone [an acrylate represented by the 
formula (1) wherein R 1 is a hydrogen atom and R 2 is a 
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methyl group] : 
[0028] 

H 




The desired product was synthesized by the same 
procedure as in Example 1 except that 5-hydroxy-2 , 6- 
norbornanecarbolactone was replaced with 6-hydroxy-2 , 6- 
norbornanecarbolactone [S. Beckmann et al., Chem. Ber., 
Vol. 94, p. 48-58 (1961)] (yield = 30%). 

IR ( KBr ) 2880, 2982 (vC-H), 1716, 1774 (vC=0), 1619, 
1629 (vC=C), 1188, 1208 (vC-0) cm" 1 

[0029] 

Example 4 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 , R 2 and R 3 are hydrogen 
atoms; R* is a t-butoxycarbonyltetracyclo- 
[4. 4 . 0 . 1 2 ' 5 . l 7,10 ]dodecyl group; and x = 0.7, y = 0.3 and z 
= 0]: 

[0030] 




COOC(CH 3 ) 3 



O 
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In a 10 0 ml round-bottom flask equipped with a 
reflux condenser, 2.5 g of the acrylate obtained in 
Example 1 and 1.71 g of t-butoxycarbonyltetracyclododecyl 
acrylate were dissolved in 23 ml of dry tetrahydrof uran , 
and to the mixture, 113 mg (30 mmol/1) of AIBN was added, 
followed by stirring at 60 to 65°C under an argon 
atmosphere. After 2 hours, the reaction mixture was 
allowed to cool and then poured into 400 ml of methanol, 
and the deposited precipitate was collected by filtration. 
Furthermore, the reprecipitation/purif ication was carried 
out again to obtain 1.98 g of the desired polymer (yield 
= 47%). In this case, a copolymerization ratio was 70:30 
on the basis of an integration ratio of 2 H-NMR (x = 0.7, 
y = 0.3). A weight-average molecular weight (Mw) of the 
polymer by GPC analysis was 10800 (in terms of a 
polystyrene), and its degree of dispersion (Mw/Mn) was 
1.88. 

[0031] 

Examples 5 and 6 

Polymerization was carried out in the same manner 
as in Example 4 except that a feed ratio of monomers was 
changed. Table 2 shows the feed ratios of the monomers, 
copolymerization ratios (x/y) of polymers, and weight- 
average molecular weights of the obtained copolymers. 

[0032] 
Table 2 
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Feed Ratio 


x/y 


Weight-Average 

Molecular 

Weight 


Example 5 


0.5/0.5 


0.49/0.51 


13300 


Example 6 


0.35/0.65 


0.35/0.65 


11500 



Examples 7 and 8 

Polymerization was carried out in the same manner 
as in Example 4 except that an amount (concentration) of 
AIBN was changed. Table 3 shows copolymerization ratios 
(x/y) of polymers, weight-average molecular weights of 
the obtained copolymers, and the like. 

[0033] 
Table 3 





AIBN 

Concentration 


x/y 


Weight-Average 

Molecular 

Weight 


Example 7 


5 mmol/1 


0.7/0.3 


154000 


Example 8 


70 mmol/1 


0.69/0.31 


3200 



Example 9 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 2 are hydrogen 
atoms; R 3 is a methyl group; R 4 is a 

tetrahydropyranyloxycarbonyltetracyclof 4 .4.0. 1 2 ' 5 . 1 7 ' 10 ] 
dodecyl group; and x = 0.7, y=0.3 and z = 0]: 
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[0034] 




The desired polymer was synthesized by the same 
procedure as in Example 4 except that t- 
butoxycarbonyltetracyclododecyl acrylate was replaced 
with tetrahydropyranyloxycarbonyltetracyclododecyl 
methacrylate. Yield = 52%, Mw = 12000, and Mw/Mn = 1.75. 

[0035] 

Example 10 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 2 are hydrogen 
atoms; R 3 is a methyl group; R 4 is a 2-methyl-2-adamantyl 
group; and x = 0.7, y=0.3 and z = 0]: 



The desired polymer was synthesized by the same 
procedure as in Example 4 except that t- 
butoxycarbonyltetracyclododecyl acrylate was replaced 



[0036] 



H 



?H 3 
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with 2-methyl-2-adamantyl methacrylate . Yield = 42% , Mw 
= 9500, and Mw/Mn = 1.96. 
Example 11 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 2 are hydrogen 
atoms; R 3 is a methyl group; R 4 is t-butyl methacrylate; 
and x = 0.7, y = 0 . 3 and z = 0]: 



The desired polymer was synthesized by the same 
procedure as in Example 4 except that t- 
butoxycarbonyltetracyclododecyl acrylate was replaced 
with t-butyl methacrylate. Yield = 60%, Mw = 8400, and 
Mw/Mn = 1.74. 

Example 12 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 , R 2 and R 3 are hydrogen 
atoms; R 4 is a t-butoxycarbonylnorbornyl group; and x = 
0.7, y = 0.3 and z = 0 ] : 



[0037] 




[0038] 
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H H 




COOC(CH 3 ) 3 



The desired polymer was synthesized by the same 
procedure as in Example 4 except that t- 
butoxycarbonyltetracyclododecyl acrylate was replaced 
with t-butoxycarbonylnorbornyl acrylate. Yield = 44%, Mw 
= 9100, and Mw/Mn =1.72. 

Example 13 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 3 are hydrogen 
atoms; R 2 is a methyl group; R 4 is a t- 

butoxycarbonyltetracyclo[ 4 .4.0. 1 2 ' 5 . 1 7 ' 10 ] dodecyl group; and 
x = 0 . 7 , y = 0 . 3 and z = 0 ] : 
[0039] 



H H 




COOC(CH 3 ) 3 



The desired polymer was synthesized by the same 
procedure as in Example 4 except that the acrylate 
obtained in Example 1 was replaced with the acrylate 
obtained in Example 3. Yield = 60%, Mw = 11300, and 
Mw/Mn = 1.88. 
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[0040] 
Example 14 

Synthesis of a polymer having the following 
structure [in the formula (2), R l , R 2 and R 3 are hydrogen 
atoms; R 4 is a t-butoxycarbonyltetracyclo 

[4. 4 . 0. 1 2 ' 5 . l 7 ' 10 ]dodecyl group; R 5 is a methyl group; R 6 is 
a hydrogen atom; and x = 0.6, y = 0.3 and z = 0.1]: 
[0041] 

H H CH 3 




I 'Y \ | h 
C=0 C=0 
I I 
O OH 



COOC(CH 3 ) 3 



In a 100 ml round-bottom flask equipped with a 
reflux condenser, 3 g of the acrylate obtained in Example 
1, 2.39 g of t-butoxycarbonyltetracyclododecyl acrylate 
and 0.207 g of methacrylic acid were dissolved in 30 ml 
of dry tetrahydrofuran, and to the mixture, 147 mg (30 
mmol/1) of AIBN. was added, followed by stirring at 60 to 
65°C under an argon atmosphere. After 2 hours, the 
reaction mixture was allowed to cool and then poured into 
500 ml of methanol, and the deposited precipitate was 
collected by filtration. Furthermore, the 
reprecipitation/ purification was carried out again to 
obtain 2.35 g of the desired polymer (yield = 42%). In 
this case, a copolymerization ratio was 60:30:10 on the 
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this case, a copolymerization ratio was 60:30:10 on the 
basis of an integration ratio of 1 H-NMR (x = 0.6, y = 0.3, 
z = 0.1). Mw = 9700, and Mw/Mn = 1.74. 

[0042] 

Example 15 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 , R 2 , R 3 and R 5 are 
hydrogen atoms; R 4 is a t-butoxycarbonyltetracyclo 
[4.4.0. 1 2 ' 5 . l 7 ' 10 ]dodecyl group; R 6 is a tricyclodecyl 
group; and x = 0.6, y = 0.3 and z = 0.1]: 

[0043] 

H H H 



-(CH 2 -C^ (cHa-i^ LckM 




c=o c =o 
r o 

\^^COOC(CH 3 ) 3 XIO 



The desired polymer was synthesized by the same 
procedure as in Example 14 except that methacrylic acid 
was replaced with tricyclodecyl acrylate (trade name FA- 
513A, made by Hitachi Chemical Co., Ltd.). Yield = 57%, 
Mw = 13700, and Mw/Mn =2.13. 

Example 16 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 2 are hydrogen 
atoms ; and x = 1 and y = z = 0 ] : 
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[0044] 



H 
I 

o 




In a 50 ml round-bottom flask equipped with a 
reflux condenser, 3 g of the aery late obtained in Example 
1 were dissolved in 16 ml of dry tetrahydrof uran, and to 
the mixture, 79 mg (30 mmol/1) of AIBN was added, 
followed by stirring at 60 to 65°C under an argon 
atmosphere. After 1 hour, the reaction mixture was 
allowed to cool and then poured into 200 ml of methanol, 
and the deposited precipitate was collected by filtration. 
Furthermore, the reprecipitation/purif ication was carried 
out again to obtain 1.8 g of the desired polymer (yield = 
60%). In this case, Mw = 7100 and Mw/Mn = 2.05. 

[0045] 

Example 17 

Synthesis of a polymer having the following 
structure [in the formula (2), R 1 and R 2 are hydrogen 
atoms; R 3 is a methyl group; R 4 is a 2-acetoxymenthyl 
group; and x = 0.7, y = 0.3 and z = 0]: 

[0046] 
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H 

— CH 2 — £- 



I x 



{ CH 2-<j% 



CH 3 



c=o 




CH 3 



OCCH3 



The desired polymer was synthesized by the same 
procedure as in Example 4 except that t- 
butoxycarbonyltetracyclododecyl acrylate was replaced 
with 2-acetoxymenthyl methacrylate (which is mentioned in 
Japanese Patent Application Laid-Open No. 335603/1996). 
Yield = 52%, Mw = 8600 , and Mw/Mn = 1.77. 

[0047] 

Example 18 

(Evaluation of the etching resistance of a polymer) 
2 g of the polymer (resin) obtained in Example 5 
were dissolved in 10 g of propylene glycol monomethyl 
ether acetate, and then filtered through a 0.2 p Teflon 
filter. Next, the filtered mixture was applied onto a 3- 
inch silicon substrate by spin coat, and then baked at 90 
°C for 60 seconds on a hot plate to form a thin film 
having a thickness of 0.7 |xm thereon. An etching 
velocity of the thus obtained film to a CF 4 gas was 
measured by the use of a DEM 451 reactive ion etching 
(RIE) device made by Nichiden Aneluva Co., Ltd. (etching 
conditions: power = 100 W, pressure = 5 Pa, gas flow rate 



= 30 seem) . The results are shown in Table 4. Similarly, 
an etching velocity of the polymer (resin) obtained in 
Example 15 was also measured. As comparative examples, 
there are also shown the results of a novolak resist 
(PFI-15A, made by Sumitomo Chemical Co., Ltd.)/ a Poly(p- 
vinylphenol) which is used as a base resin for a KrF 
resist, and a poly (methyl methacrylate) coating film 
which is a resin not having an alicyclic hydrocarbon 
group in a molecular structure. Incidentally, the 
etching rate was normalized on the basis of the novolak 
resist. 

[0048] 
Table 4 





Etching Velocity 
(Relative Ratio) 


Example 5 


1.15 


Example 15 


1.15 


Poly (methylmethacrylate ) 


1.9 


Poly ( p-viny lphenol ) 


1.2 


Novolak Resist (PFI-15A) 


1 



It was apparent from the above-mentioned results 
that the polymer (resin) of the present invention had the 
low etching rate to the CF 4 gas, and so the polymer was 
excellent in dry etching resistance. 
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[0049] 
Example 19 

(Evaluation of the transparency of a polymer) 

2.5 g of the polymer (resin) obtained in Example 5 
were dissolved in 10 g of propylene glycol monomethyl 
ether acetate, and then filtered through a 0.2 (im Teflon 
filter. Next, the filtered mixture was applied onto a 3- 
inch quartz substrate by spin coat, and then baked at 90° 
C for 60 seconds on a hot plate to form a thin film 
having a thickness of 1 |jm. A transmittance of the thus 
obtained thin film at 193.4 nm which was a central 
wavelength of an ArF excimer laser light was measured by 
the use of an ultraviolet visible spectrophotometer. 
Similarly, the transmittance of the polymer (resin) 
obtained in Example 15 was also measured. 

The transmittance of the polymer obtained in 
Example 5 was 54%/nm, and that of the polymer obtained in 
Example 15 was 55%/^im. It was confirmed from these 
results that the polymer of the present invention had a 
transparency which permitted the polymer to be utilized 
as a single layer resist. 

[0050] 

Example 2 0 

(Evaluation of the patterning of a resist using a 
polymer) 

A resist comprising the following composition was 
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prepared: 

(a) 2 g of the polymer (Example 5) 

(b) 0.02 g of a photo-acid generator 
[ triphenylsulf onium triflate (TPS)] 

(c) 11.5 g of propylene glycol monomethyl ether 
acetate 

The mixture of the above-mentioned components was 
filtered through a 0.2 p Teflon filter to prepare a 
resist. This resist was applied onto a 4-inch silicon 
substrate by spin coat, and then baked at 130°C for 1 
minute on a hot plate to form a thin film having a 
thickness of 0.4 |^m. The thus obtained wafer having the 
film thereon was stilly put in a close type exposure 
experimental machine sufficiently purged with nitrogen. 
A mask formed by depicting a pattern with chromium on a 
quartz plate was closely attached onto the resist film, 
and this film was then irradiated through the mask with 
an ArF excimer laser light. Afterward, the resist film 
was immediately baked at 110°C for 60 seconds on the hot 
plate, and development was then carried out at a liquid 
temperature of 23°C for 60 seconds with a 2.38% aqueous 
TMAH solution in accordance with an immersion method. In 
succession, a rinse treatment was done for 60 seconds 
with pure water. As a result, the exposed portion alone 
on the resist film was dissolved and removed with the 
developing solution to obtain a positive pattern. A 
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resist using the polymer obtained in Example 15 was also 
evaluated in the same manner. Table 5 shows the results 
of sensitivity and resolution. 

[0051] 
Table 5 





Resolution 
(|jmL/S) 


Sensitivity 
(mJ/cm 2 ) 


Resist Including 
Polymer of Example 5 


0.19 


6.5 


Resist Including 
Polymer of Example 15 


0.20 


7 



It was apparent from the above-mentioned results 
that the photoresist material using the polymer of the 
present invention had excellent resolution properties. 
In addition, since a phenomenon such as pattern peeling 
was not observed, it could be. confirmed that the 
photoresist material was also excellent in adhesive 
properties to the substrate. 

[0052] 

[Effect of the Invention] 

As is apparent from the above explanation, the 
polymer of the present invention is excellent in dry 
etching resistance and transparency, and the resist 
material using the polymer of the present invention is 
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excellent in resolution and adhesive properties to the 
substrate, whereby the formation of a fine pattern 
necessary to manufacture semiconductor elements is 
possible . 
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[Name of document] Abstract 
[Abstract] 

[Problem] There is provided a photoresist composition 
which, in a photoresist material for lithography using a 
light of 220 nm or less, is excellent in transparency 
against exposure light, has excellent etching resistance 
and adhesive properties to the substrate. 

[Means for solving the Problem] A composition comprising 
a polymer obtained by polymerizing a polymer precursor 
comprising a (meth)acrylate derivative represented by the 
f oumrual ( 1 ) : 



wherein Rl and R2 are each a hydrogen atom or a methyl 
group, 

[Drawing to be published] None 




1 



